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Descripiion 



This invention relates to a light-curing fluoride releasing cement effective for filling cavities and bonding composite 
resin or anralgam to teeth and to achieve a strong bond and a reduced marginat microlealcage. 

5 Amalgam is an exceedingly common product used in filling tooth cavities in human beings. The main constituents 
of amalgam are mercury and silver. Amalgam had problems because good adhesion between the tooth and the amal* 
gam is not obtained and also a good seal between the amalgam and the tooth is not obtained which substantially pre- 
vents ingress of mouth fluids and bacteria into the filled cavity (micioleakage) and thus prevents further decay of the 
teeth. Thus, m»ginal microleaJage has been an inherent problem in conjunction with amalgam restorations. Amalgam 

fo also requires cavity preparations plus usage of a retention Ujm which can cause damage to non-carious tooth struc- 
ture. 

It Is becoming apparent that a good number of individuals are aBergtc to mercury and are not able to utilize amal- 
gam In their teeth. It has long been known that there is a need for a dertai restoration compoeition which does not 
include mercury, ft has been known to construct dental restoration compositions of a resin composition such as is 

15 shown and descrtoed in United States Patent No. 4,500,657 . 

A similar conpositlon is discussed within United States Patent No. 4,814,362. Irrprovements in dental adhesives are 
discussed in detail within United States Patent Numbers 4,479,782 and 4,657,941. TTiese adhesives are commoniy 
used as cement liners to stop microieaKage under restorations. The bonding agent with the cement liner is to adhere to 
the dentin arxi reduce pulpai in-rtation. 

20 Recently, four fluoride-releasing liners have been introduced in the nerket These four are sold under the trade- 
names of TIME UNE VITRABOND. XR lONOACR and ZIONOMER. These four liners have been developed to over- 
come ttie major disadvantage of conventional lining cemerrts which are (1) long-setting time (three to five minutes), (2) 
surface dissolution upon add etching. (3) dehydration upon drying of etched enamel and (4) low mechanical strength. 
These Rners have achieved some success with (1). (2) and (3). but with (4) only limited success has been obtained. 

£5 Actually, the mechanical strength of these liners is just not adequate for longevity of the restoration utilizing the liner 
EP-A-0 363 903 relates to a dental resin compositwn which comprises at least one adhesive promoting agert. 
Optionally the composition may include a source of elutable fluoride ions. In a preferred embodiment the compositicn 
comprises by welgfrt alxxrt 40-60% resin monomers. 0.2-1 0% adhreion promoting oorrpound, 0.05-2.0% photoirtttiator, 
0.2-2.0% reducing agents. 0-50% vol inorganic fillers. 1.5-2.5% sodium fluoride and 0.05-0.2% stabilizer. 

30 EP-A-0 1 15 946 provides an adhesive comprising (a) 1 part by weight of a conpound represented by fomnula (1) 



40 



1' 

COXi/. Ra-(X2H-P-0-PfX2'-^k--Ra'Axi'0C J (I) 

m I I 

OH OH 

and (b) 0 to 1 99 parts by weight of a monomer that is copolymelzable with the compound (1). 
EP-A-0 219 058 and US-P-4,872.g36 relate to polymerizable cement mixtures containing 




(a) polymerizable unsaturated monomers and/or oligomers and/or pr^lymers oontaviing add groups and/br their 
45 reactive acid-derivative groups 

(b) reactive fillers that can read with these acids or acid derivatives, and 

(c) curing agents 



that can be enployed especially in dentistry as improved dental mixtures as well as in medicine. 

50 Some lining cements require the removal of a dentin smear layer prior to usage. The smear layer is a naturally pro- 
duced layer during the prodijction o1 the tooth cavity and functions as a natural cavily liner. It has been thought by some 
that this layer must be removed for optimum bonding. The removal of this dentin smear layer gensraOy Inaeases hyper- 
sensitivity. The primary object of the present invention is to develop an effective formulation of a Bght-curing fluoride* 
releasing iBStorati ve material fbr adhesion to dentin without requiring the removal of the smear layer and to achieve sub- 

55 stantiaily superior adhesion between the tooth and the filling material with the filling material being effective In substan- 
tially eliminating marginal miaoJeaKage in conjunction with the cavity within which it is appRed. 

One object of the present invention is to construct a dental restoratfen composition which can be used both as a 
cement liner for an amalgam or a composite restoration and as a complete material eliminating the need for the amal- 
gam. 
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Another object of the present invention is to arrive at a dental f ffling composition that requires no enamel etching of 
teeth, no dentin conditioning of the teeth, no primer or bonding agent application prior to completing of the restoration. 

Another object of the present invention is to produce a dental restoration con^sitlon which has significantly 
inoreased adhesive characteristics over and above prior art types of dental restoration nnateriats. 

Another object of the present invention is to construct a dental restoration composition which demonstrates signif- 
icantly less microfeakage at the gingival margin than prior art dental restoration materials. 

The fXBSent invention provides a light-curing, fluoride-ral easing, dental restoration composition according to daims 
1 tola 

The dental restaation conr^osition of the present invention is oomposed of a powder and a liquid with approxi- 
mately one part powder to be combined with 0.88 parts liquid by weight A typical powder formulation would be one hun- 
dred parts by weight of strontium atuminofluorosilicate glass having an average particle size of under one niicron. four 
parts by weight of p-toluenesuHinic acid. Na salt dihydrate and three parts by weight of 2-methacryloxyethyi p-(N,N- 
dimethyl)aminoben2oate. A typical formulation tor the liquid would be torty parts tetramethacryloxyethyl pyrophosphate, 
thirty parts by weight of methacryloxyethyl phosphate, thirty parts by weigtit of ethoxylated bis-phenol A-dimethacrylate 
and 0.26 parts by weight of camphorquinone. The function of the aromatic sulfinic acid salt is that of an accelerator to 
function as a catalyst to cause simultaneous setting of the adhesive and the filler when the powder and the liquid are 
combined. The adhesive comprises a phosphate based methaaylate and a dimethacrylata The photoinitiator com- 
prises camphorquinone and amine. The filler oomprises the glass. 

The primary substance in the powder is the filler with the preferred filler material comprising strontium aliminofluof- 
osilicate glass. It is considered to be within the scope of this invention that other fillers could be utilized such as quartz 
and zinc oxide or inorganic fillers or a powder of polymethacrylates and Teflon® powder or organic fillers. 

The filler must be non-toxic and insoluble in saliva, and of a nature such that it imparts a workable viscosity to the 
adhesive composition, In other words, enabling molding and manipulation during application. Suitable fillers are typi- 
cally oxidic refractory inorganic materials which are clear or white m color. Representative fillers include polymettiacr- 
ylate. polyethylmethacrylate. quartz powders, silica gel, aluminosilicate, colloidalsilica. glass beads, aluminumoxide, 
titanium dioxide, zirconia. silicate glass and phosphate glass. The filler should contain leachaWe fluoride so that it 
releases fluoride over a prolonged period of use thereby substantally preveming decalcification of the tooth area 
adhered to. Particularly preferred fillers for use are the fluoride releasing silicates and the particuiarfy preferred material 
is an aluminofiuorosilicate glass such as strontium alumindluorosilicate. Aluminofluorosillcate glass fillers are available 
commercially and can be prepared by known methods as described in United States Patent Na 4,775.592. See also, 
United States Patent Numbers 3.814.717. 4.360.605. and 4.376.835 for other descriptions of fluoride-containing 
glasses which can be used herein. 

It Is preferred that the filler material be in the form of relatively small particles with an average size of less than one 
\im. A smaller particle size has been found to give rise to better adhesion and also to a higher rate of fluoride release 
due to the neater surface area of the smaller particles. 

Preparation of the strontium aluminofiuorosilicate g^ass is as follows: The glass was prepared by fusing mixtures of 
silica, aluminophosphate. aluminum hydroxide, calcium cartxmate, strontium carbonate, strontium nitrate and alu- 
mrnofluoride in a platinum crucible at 1350''C. as shown in Table I. After fusion, the liquid glass was poured from the 
crucible and cooled rapidly. The resultam glass was dried and crushed until it passed through a 350 mesh sieve. The 
glass was finely ground in a ball mill to less than 1 micron using isopropyl alcohol as a medium. A silanated glass was 
prepared In a tun*le mixer by combining 100 parts by weight of the glass and 1 part by weight of rntethaayloxypro- 
pyitrimethoxy silane with 200 parts by weigtit of 0.5% acetic acid containing ethand solution. The tumbling continued 
for 2 hours. When ethyl alcohol was evaporated, the glass was heated to 130'C for 3 hours. After crushing and sieving, 
the following glass cornposition (Table i) was obtained. 
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Table I 



The Glass Compositions 


Raw Materials 


Parts by Weight 




3S0 


AI(P03)3 


7.0 


AI(0H)3 


9.0 


CaCOs 


10.5 


SrCOa 


21.5 


Sf(N03)2 


5.0 


AIF3 


25.0 



20 The adhesive within the composition of this invention constitutes a light-curable acrylate-based resin. Most prefer- 
ably, the adhesive constitutes about forty-eight percent by weight of the overall weight of the composition. The polym- 
erizable resin contains one or more photopolymerizable monomers with ethoxylated bis-phenol A-dimethacryiate being 
preferred. However, rt Is considered to be within the scope of this invention that there may be utilized another polymer- 
izaWe resin, as a binder, selected from the group consisting of bis-phenol A-diglycidyl methacrylate, bis-phenol A- 

25 dimethacrylate, numerous other hydrophobic dimethacryiates, i.e., virtually any type of methacrylate that is usable in 
dental and orthodontic applications and compositions. It is to be understood that this binder Is hydrophobic, meaning 
insoluble In water Also, 2.2-bisl4-(3-methacrylaxy-2-hydrQxypropoxy) phenyl] propane could be used. 

The desirable diluent istetramethacryloxyethyl pyrophosphate. Synthesis of tetramethacryloxyethyl pyrophosphate 
is as follows: A mixture of 2-hydroxyethyl methacrylate (4 mols) and tri ethyfamine (4 mote) In anhydrous benzene was 

30 added dropwise to the anhydrous benzene solution of tetrachioropyrophosphate (1 mole) at '15°C with vigorous stir- 
ring. The reaction mixture was stirred at C'C for 2 hours, and then at room temperature for 1 hour. After the reaction 
was complete (heat generation ceased), excessive amounts of water were added to the reaction mixture. The benzene 
layer was extracted, washed with 5% HQ aq. saturated NaHCOs aq and water. The benzene layer was isolated arxi 
dried with Na2S04. Evaporation of benzene under reduced pressure gave a colorless oil of tetramethacryloxyethyl pry- 

35 ©phosphate. A small portion of the oil was purified with alumina column chromatography using ethyl acetatehexane as 
solvent. The chemical structure was identified by elemental analysis, IR and NMR spectra, calculated as C24H35O15P2. 

This birxier is to be combined in an approximately equal amount by weight with a high viscosity (rather thick resem- 
bling conventional honey) methacrytoxyethylphosphata This monomer is dissolvable in water and therefore hydrophilic. 
Other hydrophilic monomers that could be utilized are methacryloxymethyl phosphate, methacryloxypropyl phosphate, 

40 methacryloxybutyt phosphate, methacryloxypentyl phosphate, methacryloxyhexyi phosphate. The general formula for 
this nfX3nomer (an addle phosphor-containing methacrylate) is as follows: CH2=C(CH3)-COO-R-p<)m-P(=0)(OH)2 
wherein R represents an alkytene group of 1-4 carbon atoms; X represents O, S or NH; and m is an Integer of 0 or 1. 
Because of the high viscosity of this phosphate it is necessary to dilute it to make it thinner. A desirat^le low viscosity 
diluent would be tetramethacrykixyethylpyrophosphate. A typical composition of the adhesive only would be forty per- 

45 cent by weight of the pyrophosphate, thirty percent by weight of phosphate and thirty percent by weight of the dimeth- 
acrylate. 

It has been found to be irrportant to have a certain amount of the adhesive hydrophobic and a certain anfX)unt 
hydrophilic. It is to be remembered that the dental restorat'on composition of this invention is to be used within a tooth 
cavity without any prior pretreatment other than the drilling of the cavity. Inherently there will be moisture produced from 

so the body within that cavity. If the adhesive were totally hydrophilic, the moisture would be absoited by the adhesive but 
the bond strength of the adhesive would not be adequate. If the adhesive were totally hydrophobic, the moisture wouW 
act as a barrier to the adhesion and again the adhesion would not be adequate. By utilizing a proper combination of 
hydrophobic and hydrophilic materials, the moisture is absorbed by the hydrophilic portion of the adhesive essentially 
drying out the tooth cavity which causes a strong adhesive bond to occur between the dentin and enamel of the tooth 

55 and the hydrophobic components of the adhesive. As previously mentioned, the adhesive strength is approximately 
twice as great as the next best lining cement that is cun-ently being sold on the market. This substantial Increase in 
adhesive strength is a great benefit to prevent marginal microieakage fluids between the restoration and the tooth and 
also provide for long-term usage of the restoration composition without failure. Lx)ng-term (a plurality of years) usage is 
important in order to be an effective replacement for amalgam. 
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The coiTfsositian of this invention contains an amount of a photoinitiator (an accelerator) effective to catal/ze 
polymerization upon irradiation. Generally, the effective amount will be in the range of appnoximateJy 1 .5 percent by 
weight relative to the total weight of the composition. The pfxrtoinitialDr composition acts as a source of free radicals 
when the adhesive of the composition is irradiated with visUe fight The photoinitiator composition of the invention con- 
tains a tertiary amine reducing agent and an a-diketone. A wide variety of tertiary amines may be used. However, pre- 
ferred amines for use herein are selected from the group consisting of N.N-dimethylaminoi3-toluidine. butyl 
diethanolamine, N.N-dlmethy1aminoethyl methacrylate, morpholinoethyl methacrylate, ethyl p-{N.N-dlmethylamlno) 
benzoate. 2-methacryioxyethyl p-(N,N-dimethylamino) benzoate, and dimethylanino benzoic acid or its esters. Simi- 
larty, a number of a-diketones may be used. However, pref^n'ed aKliKstones Ibr use herein are selected ftom the group 
consisting of camphorqtilnone. benzil, biacetyl. 9.10-phenamhrenequinone and naphthoquinone. Most preferred for 
incorporation into the present compositions is camphorquinonei The present photoinitiator composition contains about 
one and one-half percent by weigfit of the tertiary amine and about 0. 1 3 percent by weight of the a-diketone. 

The composition of this invenfion, as previously mentioned, is prepared by simply mixing homogeneously the vari- 
ous components with one another. The resin materials are liquid and thus provide a suitable vehicle for the powder type 
of filler. The powder/liquid ratio is 1.0 / 0.88 by weight. A typical time period for application of the fight for curing was 
forty seconds per installation. 

^yanplg 1 

A Typical Powder and Liquid 
Formulation is as follows: 
POWDER FORMULATION 



Constituent 


Parts by Weight 


Strontium aluminofluorosilicate 
p-Toluenesulfinic add. sodium salt dihydrate 
Methacryloxyelhyi p-(dimethylamino) benzoate 


100 
4 

3 


TTiese were mixed in a ball mill for 3 hoirs. 



LIQUID FORMULgriOM 



Ccnstituem: 


Parts by Weight 


Tetramethacryioxyethyl pyrophosphate 


40 


Methacryloxyethyl phosphate 


30 


Ethoxylated bis-phend A-dimethaaylate 


30 


Camphorquinone 


0.26 


These were mixed by vigorous stirring at room tenperature 
for 24 hours. 
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SHEAR BOND STRENQ-m FOR LINER 

The powder and liquid were mixed in a ratio of 1A).88 by weight. The shear bond strength to dentin was tested by 
the following method and compared wfth four known (prior art) light-curing, fluoride-releasing liners currently on the 
5 nrarket. 

TESTING METHOD 

Extracted human molars stored in a 1% chloramine solution at room ternperature were used as test specimens. 

10 These specimens were embedded In a last cure acrylic reein in a cylrndrical plastic mold. The crown part of each tooth 
was removed with a low speed saw. The exposed occlusal part of the dentin surface of the test specimens was ground 
wet one 800 grit silicon carbide paper on a polishing machine. The embedded teeth were washed in running fluoride- 
free water and dried with an oil-free air syringe. The actiesion area was defred by using an adhesive water-repeilant 
sticker with a 3mm diameter opening in its center. A cylindrical plastic tube was placed over the 3mm opening and fixed 

15 with dental wax. The material was cured fbr 20 seconds with a visible light unit. A thin layer of bonding agent (Scotch- 
bond 2 adhesive, 3M) was applied onto the liner surface and light-cured fbr 20 seconds. Composite resin (Silux. 3M) 
was then placed In the cylindrical plastic tube. The resin cylindeis were light-cured for 40 seconds. The test ^cimens 
were immersed in distilled water at ZTC. After 24 hours the test specimens were clamped horizontally into the shear 
adhesion apparatus and loaded parallel to the vertical axis of the restorative resins. Bond strengths were measured by 

20 an Instron universal testing machine (Model 101 1. Instron Corp.. Canton, MA) at a cross-head speed of ImnVmin. Ten 
specimens were tested fbr each variable 

BESLm 

25 Shear bond strengths (MPa) of light-cured fluoride-releasing liners to human dentin after 24 hours in S^C water: 



30 



This Invention 


Zionomer 


XR lonomer 


Vilrabond 


Time Line 


7.5 


3.8 


1.9 


2.2 


0.0 



MICROLEAKAGE FOR LINER 

35 

The powder and liquid were mixed in ratio of 1 A3.88 by weight, and test for microleakage by the following method, 
and again compared with the aforementioned light-curing fluoride-releasing liners in the market. 

TESTING METHOD 

40 

Extracted human molars stored under the same conditions as described in the shear bond strength test were used 
as test specimens. Ail teeth were examined for areas of decalcification, caries, or restorations, and only sound teeth 
were selected. Eighty Class V cavities were prepared, one on the buccal and one on the lingual surface of each tooth. 
The preparations were approximately 1 .5mm deep. 3.5mm wide, and 2.0mm high, and all were located at the cemento- 

45 enamel junction in cementum or dentin. The cavities were prepared with a No. 58 tungsten carbkJe fissure bur in an 
ultra-high-speed handpiece using a waterspray coolant Ail cavosuriace margins were finished to a 90** angle with hand 
instruments. Enamel etching agents and bonding agents were not used so it would not confound the marginal seat eval- 
uation. The cavity preparations on the buccal surface were cement-lined with comparative commercial products in 
accordance with their manufacturer's instructions. After light-curing for 20 seconds, composite resin (Silux. 3M) was 

so placed on the liner surfcice and then cured for 40 seconds. All the lingual surface preparations were restored with the 
composition of the present invention. After immersion in 2T*C water for 24 hours, all restorations were finished dry with 
finishing disks to simulate dinical finishing. 

To prevent dye penetration in areas other than the exposed margins, the teeth were sealed with nail varnish to 
within 2mm of the restoration margins. The tooth apices were sealed with a light-cured composite resin. The teeth were 

55 placed into separate nylon mesh bags and thermocycled together fbr 1000 cycles between 5"C and 55*0 with a dwell 
time of 30 seconds at each temperature. After thermocyding was completed, the samples were placed in a 50% aque- 
ous solution of silver nitrate fbr two hours in the absence of light and then thoroughly rinsed with distilled water. The test 
samples were placed in photodeveloper solution under a fluorescent light fbr 4 hours to develop the penetration pattern 
and then rinsed thoroughly. The teeth were sectioned longitudinally in a bucoolinguai direction using an Isomet saw. 
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The degree of dye penetration in Ihe cavit/ walls was assessed separately for occlusal and gingival walls using a 
binocular microscope at 25X magnification. Dye penetration was scored by an examiner who had no knowledge of 
wtiidi material was used for the restoration. For NsO , the amount of microleatege was zero (0). For Nal. miaofeak- 
age was confined to the enamel. For Ns 2 microleakage was into the dentin wall. If the microleakage was well into the 
5 dentin. Ms3. H the micrdeaHage was as far as the bottom of the cavify. Ns4* 

RESULTS 



10 



IS 



20 



Microleakage (N) scores of light cured liners at gin- 
givai (dent'n-cementum wall) 


Light cured lonomer 


n 


0 


1 


2 


3 


4 


This Invention 


40 


35 


5 


0 


0 


0 


Vitrabond 


16 


10 


6 


0 


0 


0 


Zionomer 


8 


0 


1 


3 


2 


2 


XR ionomer 


8 


2 


2 


4 


0 


0 


Time Line 


8 


0 


0 


0 


4 


4 



Microleakage (N) scores of light cured liners at 
occlusal (dentin) wall: 


Light cured lonomer 


n 


0 


1 


2 


3 


4 


This Invention 


40 


37 


3 


0 


0 


0 


Vitrabond 


16 


10 


6 


0 


0 


0 


Zionomer 


8 


8 


0 


0 


0 


0 


XR ionomer 


8 


7 


1 


0 


0 


0 


Time Line 


8 


6 


0 


0 


1 


1 
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Aftemative Example 

45 Using the same powder and liquid of Example 1 . shear bond strength to dentin and miaoleakage were tested except 
powder^iquid ratio of 1/0.6 by weight was used. 
The results were: 

TTie shear bond strength of the bonding system to human dentin after 24 hours of immersion in 37*C water was 
85.2 Kgf/cm2 



Microleakage Scores 




0 


1 


2 


3 


4 


Total Specimens 


at gingival (dentin-cementum) wall 


15 


3 


2 


0 


0 


20 


at occlusal (enamel) wall 


18 


1 


1 


0 


0 


20 
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Example 2 

POWDER FORMULATION Parts by 





Constituent: 


Weight 


10 


Strontium aluminofiuorosilicate 


90 




Calcium hydroxide 


10 




p-Toluenesuifinjc acid, sodium salt, dihydrate 


4 


IS 


2-Methacrylaxyethyl p-(N. N-dimethyfamino)benzoate 


3 


This calcium hydroxide powder was silanated with 4% rmeth- 
acryloxy-propyl trimethoxysilane. 



The compressive strength and pH value were measured. The powder used in these tests had the above formulation. 
20 The liquid was the same as in Example 1 . Powderyiiquid ratio was 1/0.88. 

Compressive strength test 

The specimens were prepared by filling the mixed material in the cavity. 4mm in diameter and 5mm in height, then 
2S light-curing with a light-curing unit at upper, lower and lateral surfaces each for forty seconds. Average corrpressive 
strength of six specimens was 2096.6 Kgf/cmi^ ygjyg measurement 

Seven disk specimens were made using a Teflon" ring. I5mm in diameter and 1 mm thick. These specimens were 
apoxymerlzed with a visible light-curing unit After polymerization, a drop of water(50^) was placed onto each disk and 
then the pH values were measured using pH-meter at five, ten, thirty and sixty minutes and twenty-fbur hours. 
30 The results were as follows: 



Time 


pH 


5 min. 


4.5 


lOmin. 


4.9 


30 min. 


5.5 


60 min. 


5.9 


24hra. 


6.9 



45 Comparative Example 1 

In Exanple 1, removal of glass filler leaving the combination of adhesive, photoinitiator and accelerator resulted in 
decrease of shear bond strength to l -2 MPa. 

so Comparative Example 2 

In Example 1 , removal of sodium p-toluenesuHinate dihydrate resulted in low shear bond strength. 

Comparative Example 3 

55 

In Exanpie 1. removal of methacryloxyethyl phosphate resulted in inferior scores in the miaoleakage test. 
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Comparative Example 4 

In Example 1, removal of tetrametfiacryloxyethyl pyrophosphate and ethoxylated bis*phenol A-dimettiaayiate of the 
hydrophobic methacrylates resulted in the disintegration of the light-cured samples after the 24 hours of immersion In 
37*0 water. 

Although the subject matter of this invention Is discussed in conjunction with a fluoride-releasing glass particulate. 
It IS considered to be within the scope of tfiis invention to use a non-fluoride releasing glass parliculate. The subject mat- 
ter of the dental restoration corrposition of this invention could be utilized whether or not the glass particulate contains 
or does not contain fluoride. 

Claims 

1. A light-curing, fluoride-releasing, dental restoration corrposition. comprising: 

(a) a powder which includes a fluoride-containing filler, and 

(b) a liquid including an adhesive, said adhesive being formed of a first component and a second component 

said first component including a methacrytate ester of a pyrophosphate, and a hydrophllic methacrylate ester of a 
phosphate, and said second component including a hydrophobic methacrylate. 

the combination of hydrophobic arxi hydrophilic conrpounds being such that the body moisture within the dental 
cavity is absofbed by the hydrophilic portion of the adhesive thereby causing an adhesive bond to occur between 
the dentin and enamel of the tooth and the hydrophobic compounds of the adhesive. 

2. The dental restoration composition as defined in claim 1 . wherein said fluoride-containing filler comprises particles 
having an average particle size of one ^m or less. 

3. The composition as defined in claim 1 or 2, wherein the fluoride-containing filler is a glass filler. 

4. The dental restoration composition as defined in claim 3, wherein said glass filler comprises strontium alu- 
minof luoro silicate glass. 

5. The composition as defined in any one of claims 1 to 4, wherein the hydrophilic methacrylate ester of a phosphate 
is a compound of the general formula: 

CH2=C{CH3)-CX)0-R-(X)„.P(=0)(0H)2 

wherein: 

R represents an alkylene group of 1 to 4 carlxn atoms; X r^resents O, S or NH; m is an integer of 0 orl . 

6. The dental restoration conposition as defined in claim 5. wherein the hydrophilic methacrylate ester of a phosphate 
within said first component of the adhesive is selected from the group consisting of methacryloxymethylphosphate, 
methacryloxyethylphosphate. methacryloxypropyiphosphata, and methacryloxytsutylphosphate. 

7. The dental restoration composition as defined in any one of claims 1 to 6. wherein said second component of the 
adhesive comprises a dimethacrylate. 

8. The dental restoration composition as defined in claim 7. wherein said dimethacrylate is selected from the group 
consisting of ethoxylated bis-phenol A-dimethacrylate. bis-phenol A-diglyddylmethacrylate and bis-phenot A- 
dimethaaylate. 

9. The dental restoration corrposition as defined in any one of claims 1 to 8. wherein the corrposition comprises a 
polymerization accelerator and a photoinitiator. 

10. The composition as defined in claim 9. wherein said photoinitiator is camphorquinone and an amine. 

11. The conposition as defined In claim 10. wherein the amine is a tertiary amine. 

12. The dental restoration composition as defined in claim 11, wherein said tertiary amine is selected from the group 
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consisting of N,N-dimethylaminoi3-toiiiidine, ethyt p-(N,N-diniethyiarTrino)ben2oate and 2-metfiacryloxyethyl p- 
(N»N-climethylamino)benzoate. 

11 The dental restoration corrposHion as defined in daim 9, wherein said polymerization accelerator is an aromallc 

sutfinic acid or its sail 

14» The dental restoration composition as defined in any one of claims 1 to 13, wherein said adhesive comprising 30 
to 70% by weight of said first component and 30 to 70% by weight of said second component based on the total 
aniount ty weight of said adhesive. 

1& The dental restoration GorrT}osition as defined in daim 14, wherein there is approximately two parts by weight of 
said f irsi conponent to one part by weight of said second conponent contained with^ said adhesive. 

16. The dental restoration oompositjon as defined in daim 1, wherein said powder comprising strontium aluminofluoro 
silicate glass and p-toluene-suffbiic acid, Na salt, dhy<jrate and methacryloxyethyl p-(N.N<limethylamino}ben- 
zoate: and said liquid comprising tetramethacryloxyeihylpyrophosphate. methacryloxyethy^hosphate, ethoxylated 
bis-phenot A-dlmethacrylate and carrphorquinone. 

PatentansprOche 

1 . Ourch Licht hflrtbares. Ruorid freisetzendes Zahnwiederhersteilungsmalerial. umfassend 

(a) ein Pulver. das einen Ruorid enthaltenden FORstoff beinhaltet und 

(b) eine ROssigkeit. die ein Klebemiifei beinhaltet, das aus einem ersten Beslandteil tjnd einem Zweiten 
Bestandteii gebildet wird, 

wobai der erste Bestandteii einen Methacryfatester eines Pyrophosphats und einen hydrophilen Methacrylatester 
einee Phosphats und der zweite Bestandteii ern hydrophobes Melhacrylat umfa3t, wobei die Kombination aus 
hydrophofoen und hydrophilen Vert^indungen dergestalt ist, da B die Korperleuchtigkeit in der Dentalkavitat durch 
den hydrophRen Antefl des Klebemittels absorfoiert wird. wodurch eine Klebeblndung zwischen dem Derrtln und 
dem Zahnschmelz des Zahnes und den hydrophoben Verbindirgen des Klebemittels ausgebildet wird. 

2. Zahnwiederherstellungsmaterial nach Anspruch 1 , in dem der Flucrid enthaltende FQIIstoff Tellchen mit einer mHt- 
leren TeilchengrOOe von 1 oder weniger umfaflt 

3. Material nach Anspaich 1 oder 2. in dem der Ruorid enttaltende Fulistoff ein Glasfullstoff ist. 

4. Zahnwiederheretelliingsmaterial nach Anspruch 3. in dem der GlasfUIIstotf Strontium-Aluminium-Fluorsilikatglas 
umfaBt 

5. Material nach einem der AnsprOche 1 bis 4. in dem der hydrcphlle Methacrylatester eines Phosphats eine Verbin- 
dung der allgemeinen Formel 

CH2=.C(CH3)-COO-R-(X)f„-P(»0){OH)2. 

bedeutet. in der R einen AlKylenrest mit 1 bis 4 Kohlenstoffatomen bedeutet, X ein Sauerstoffatom, ein Schwefel- 
atom Oder eine NH-Gruppe bedeutet und m 0 oder die ganze Zahl 1 ist 

6. Zahnwiederherstellungsmatenal nach Anspruch 5. in dem der hydrophile Methacrylatester eines Phosphats im 
ersten Bestandteii des Klebemittels aus Methacryloxymethylphosphat, Methacryloxyethylphosphat Methacryloxy- 
propylphosphat und Methacryloxybutylphosphat ausgewdhit wird. 

7. Zahnwiederherstellungsmaterial nach einem der Ansprtiche 1 bis 6. in dem der zweite Bestandteii des Klebemit- 
tels ein Dimethacrylat umfafit. 

8. Zahnwiederherstellungsmaterial nach Anspruch 7. in dem das Dimethacrylat aus elhoxyliertem Bisphend-A- 
Oimethacrylat Bisphenol-A-Dtglycidylmethaayiat und ^'sphenot- A-Dimethacrylat ausgewdhit wird. 

9. Zahnwiederherstellungsnfttiterial nach einem der AnsprOche 1 bis 8, in dem das Material einen Polymerisaliorebe- 
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schleuniger und einen Photdnitiator umfaOl 

10. Material nach Anspruch 9. in dem der Photoinitiator Kamplerchrnon und ein Amin isL 

11. Material nach Anspruch 10, in dem das Amin ein tertidres Amin ist 

12. Zahnwiflderherstellungsmateriai nach Anspruch 11. in dem das teiUftre Amin aus N.N-Oimethyiamino-p-tQiuidin, 
Ethyl-p-(N.N>Dlmethylamlno)-benzoat und 24Methacryloxyethyl-p-(N,N<lkn8thylamino}-benzoat ausgewflhtt wind. 

13. Zahnwtederheretellungsmaterial nach Anspruch 9. In dem der Polymerisaiionsbeschieuniger eine aromatlsche 
SuiNnsAure Oder deren Salz ist 

14. Zahnwiederherstetlungsmaterial nach einemder AnsprOche 1 bis 13, in dem das Klebemiitel 30 bis 70 Gew.-%de8 
ersten Bestandteils und 30 bis 70 Gew.'% des zwerten Bestandteils, bezogen auf das Qesamtgewicht des Klebe- 
mittels, umfaf3t. 

15. Zahnwiederherstellungsmaterial nach Anspruch 14, in dem das Klebemittel den ersten Bestandtell und den zwel- 
ten Bestandteil tm V^hdltnis von etwa 2 Gew.-Teilen zu 1 Gew.-Teil enthait. 

16. Zahnwiedeiharsteiiungsmaterial nach Anspruch 1. in dem das Pufver Strontium-Aluminium-Ruorsilikatglas. p- 
ToluoisuiftnsAure, Natriumsalz, Dihyd^at. und Methacryloxyethyl-p-(N,N-dimethylamino}-benzoat umta(3t und 

die Russigkeit Tetramethacryloxyethylpyrophosphat Melhacryloxyethylphosphat ethoxyfiertes Bisphenol-A-dime' 
thaaylat und Kampferchinon umfiaQt. 

Revendlcatlons 

1. Composition de r^ration dentaire lib^nt un fluorure et durctssarrt k la lumt^re, comprenant : 

(a) une poudre corrv^renam une charge contenant un fluorure, et 

(b) un liquide comprenant un adh^sif. iedit adh^sif dtant form6 d^ premier composant et d'un secord com- 
posant. 

(edit premier corrposant comprenant un ester mithacrylate tfun pyrophosphate et un ester mfthacrylate hydro- 
phile tfun phosphate, et iedit second composant comprenant un m^thaaylate hydrophobe, 
la combtnaison des composes hydrophobes et des composes hydrophiies ^nt telle que Chumidite du corps k 
I'int^eur de la cavity dentaire est absort^e par la partie hydropNIe de Tadhterf. provoquant ainsi la fbrmaten 
dXine liaison adhdsive entre la dentine et r^mail de la dent et les oomposds hydrophobes de Tadhteif. 

2. Conposition de r^ration dentaire selon la revendication 1. dans laquelle ladite charge contenant un fluorure 
comprend des parHcules ayant une dimension moyenne d*au plus 1 ]im 

3. Corrposition selon la revendication 1 ou 2, dans laquelle la charge contenant un fluorure est une charge en verre. 

4w CofTDOsition de reparation dentaire selon la re/endicaticn 3. dans laquelle (adite charge en mre comprend un 
verre d*aiuminof luorosilicate de strontium. 

5. Conposition selon Tune quelconque des revendications 1 k 4. dans laquelle I'ester m^thacrylate hydrophile d'un 
phosphate est un compose r^ondant k la Ibrmule g^n^rale 

CH2=C(CH3)<XW-fHX)„-P{=0){OH)2 

oil! 

R repr^ente un groupe alkyl^e ayant de 1 & 4 atomes de caifaone ; X represents O. S ou NH : et m est un 
nontsre entier de 0 ou 1 . 

6. Cooposition de r^aration dentaire selon la revendcation 5. dans laquelle Tester mdthacrylate hydrophife d*un 
phosphate dudit premier conposant de radh6sif est choisi dans Tensembte constitu^ par le phosphate de m6tha- 
cryloxymMhyle. le phosphate do m^lhacryioxyethyle, la phosphate de mdthacryioxypnopyle et le phosphate de 
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rndthacryloxybutyle. 

7. Cofiipasitian de reparation dentaire salon rune queiconque des rmndicattons 1 i 6. dare laqueOe ledit second 
Gonposant da I'adhterff oomprand un dim^thacrylate. 

9. Composftion de reparation dentaire selon ta re^endlcatfon 7. dans laquelle ledit dimdthacryiate est choisi dans 
Tensemblfl constitu^ par la dimdthacryfBta de bisph^ol A ethox^d, le digtycidylmdthacrylate de bispMnd A elle 
dmMacryfata de bi^dnol A. 

9. Coirposttion de reparation dentaire selon i'lne queiconque dee rmncficafions 1^8* comprenant un acc6l6rateur 
de potymdrisation et im\ photo-initiateur. 

ia Composition selon la revendlcallon 9, dans laquelle ledit photo-initiateur est la camphoquinone et une amine. 

11. Composftion selon la revendicallon 10. dans laquelle famine est une amine tertialre. 

12. Composition de r^aration dentaire selon la revendlcaiion 1 1 , dans laquelle ladHe ainnie tertiaire est chcisie dans 
{'ensemble constitu6 par la N.N-dim^thylamino-p-toluidlne, le p-<N.N-dim6thyiamtno}benzoate d'6thyle et le p-<N,N' 
cfim6ttiylamtno)benzoate de 2-m^acryloxyMyle. 

13l Composition de reparation dentaire selon la revendication 9, dans laquelle ledit acceidrateur de pdymerisalion est 
un adde suVinique aromatique ou son set. 

14l Composition de reparation dentaire selon Tune queiconque des revendcations 1 d 13, dans laquelle ledit adh^sif 
conprend de 30 ^ 70 % en poids dudit premier composant et de 30 a 70 % en poids dudit second oomposarrt, par 
rapport k ia quantity totale en poids dudit adhesf. 

15. Composition de reparation dentaire selon la reverxltcation 1 4, dans laquelle lecf t adhdsif contient environ deux par- 
ties en poids dudit premier conposant pour une partie en poids dudit second composant. 

ia Composition de reparation dentaire selon la revendication 1 . dans laquelle ladite poudre comprend un verre d'alu- 
minofluorosHlcate de strontium et de Tadda p-toludnesuif Inique. un set de sodium^ un dihydrate et du p-<N.N-dm6> 
thylamino)benzoate de methacryloxyethyle : et ledit Dquide comprend du pyrophosphate de 
tetrameihacryloxyethyle. du phosphate de m^lhacryloxyethyle. du dlm6thacrylate de bisphend A ettioxyie et de la 
camphoquinone. 
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